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VESTIBULAR SICKNESS AND SOME OF ITS IMPLlCATlONS FOR SPACE FL?GHT 

The advent of mQned space flight ha p e d  problem centering around the 

uniqua Qwitotforol insrtial force envfronmsntr to be expected aloft, including 

prolonged oxposum to weightlessness or a constantly rotating environment i f  i t  is 

b i d e d  to genomte on artificial field force by causing he vehicle to spin. It i s  

essential rhaf 110 one be sent aloft who w i l l  be handicapped by functional symptoms 

&ring out of exporws to these force environments, and t h i s  presents a far mare 

rigid requirement that h a  had to be met hitherto. 

The dwl purpose of this report it to summarize some of our recent investigations 

dealing with timdional dirtwbonco of vestibular origin and 80 point out their 

relevancy to manned space flight. These studies huve beem planned in the iight 

of backgmund hwiedge of the vestibula organs1o8 and their relation to motion 

~lckneU,’-~~ but differ from most studies in the post in the fuller exploitation of 

a constmtly rotating 78  18 or counter-rotating environment l9 and the use of 

subjects with vestibular defects. The report falls mainly into two parts, the first 

dealing with the symptomatology resulting from brief exposure to different force 

environments, the second part with the time course of the appearance and dis- 

appear- with prolonged sxpc#we in the Slow Rotation Room (SRR), 
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UPEMMENTAL SUBJECTS, FORCE ENVIRONMENTS, 

AND PROCEDURES 

Subjects 

Om of ow most valuable assets is a p u p  of deaf penonr with bilateral 

Iabyrinhim defects hereafter termed 1-0 subjects. The clinical findings in 

ow min group of eleven me sunonaired in Table I ,  Some are instructon in 

schools for the deaf and othsn are s t d e n t s  OT graduates of Goilaudet College. 

it i s  noteworthy hut  hmr give a history of mild motion sickness under a specific 

circumsivrncs. Orut tuff- from acrophobia, five have residual hearing at high 

noiw levels, o m  may have mlnimat residual function of the canals, and one 

other may porribly have d d w l  function. 

An attemptlo was made to evaluate the functional s t a t u s  of the otolith 

o m e  The counterrolling index, calculated as one-half the difference between 

the grea)srl maan right o)c1 gnahrt mean left tonion, ranged from 53 to 176 

minutes of omo while in o m  of ow lpoups of nonnal svbiects it ranged from 286 

to 465. The results of a second test of otolith function, b a d  on the. oculogravic 

illusion, am described elsewhere ond reveal some overlap with the normal range 

and gredar individual vorimce than was true for carrrterrolling. Although the 

full significance of these findings i s  not known, the itkelihood exists that some 

of the L-D rubjech h e  mstdud function of the otolith orgm This i s  supported 
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by thrr flndiqp in tha 

injury to the right em o the result of a fall when four yeon of we. Our 

cattontion WWB dram, to his CQI. when he failed to experience symp)~mr of 

vestibular slckrrcrrr in SRR at 20 WM. He had no complaints, was not 

limited in rp#k or under any handicap of which he was awwea H d n g  was 

much reduced in 

with cold (about 4O C) w-. The counterrolling index was 164, which w a  h i o w  

h e  valw obtained from one of the L-D subjects. The important point i s  hat Phis 

subject with normal hearing in the left ear and a normal response to caloric 

of a medical student, 22, WRO had suffered on 

right ear, ond tho caloric test revealed 110 response io inigatior! 

dm~ld~rr 01-t SWOIY had n ~ m r r l  otdithlra 

Nomwrl rubiects fell into t h e  main categories, desfgnated ”regular subjects, 

“rtudent subjects,” ad “ d a ) O n a ”  The regular subjects were young men in hei r  

late toem or mrly twenties o r i d  to the laboratory for the express purpose of 

pdcipating in experiments. Soma of these subjects had never exprienced motion 

sickness prior to this carignment, and odvarrtage was also taken of their unsophistication. 

The student subjects consisted of men who hod finished one, two, or three yean of 

d i c a l  school and had bean arrigned Q) summer residents with the rank of Ensign, 

All of th. subjects in t h e  h r v ~  groups were healthy anel free from vestibuiar 

defocts o determinod by audtometdc and caloric tests and in most instances bi the 

cowrtwrolling und oculogravic tes6 01 well, The Aid category consisted of 
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fli&t studonis$ m o l  a v i W r  or test pilots, all of whom were kotthy a d  

hod namol bring. Soras pmticipad in screening or rusceptibflity tests, 

ad functional tests of the cow~s and otoliths were not carried out. Those 

d in imcrtigotive d i e s  wem carfully tested with mpct to function of 

the wrzdcircular canals but not always with respect to the otolith apparatus. 

Force brvi-ts 

21 Mark ~ i t o t i o n a l  inertial force environment has Ik genesis in gravity 

due to o control field factor d the accelerations mon experiences 05 a 

result of change in velocity oc direction of motion. It i s  the force to which 

man h a  b odaptd throughout his evolutionray development and to 

which ho is acu~~tomed ?itreugh experience. Change In position of the body 

with m p c t  )O gravity intduces dynamic effects similar to those if the 

direction ob W i t y  har ch& with reference to man. 

Expdnwntr in a rotating environment were conducted in the SRR, which 

hcs been &scribed in dotoil elrewhere. The cmgi~lor velocity ranged from 

1 ,O RPM to 20,O RPM. Thore were a number of impwtmt odvmtugsa in using 

the SRR, Tho -lor velocity could pdectly simulote angular velocities 

which might k used aloft even though certain aspects of the two force 

anvir#rmwrts were d i w ,  The l e d  of stress c w d  a mnge at which 

tho most smceptible persons wmm patatcally symptom h e ,  and at the other 

extreme the Io& sampiible with one or two exceptions could readily be 



CllQh dck. A third gmd odvantw WOI having an experimenter with the 

rubj.ctr, Long- exporlmmts, including studies of daptatim, were 

poalble bcawso the size d the room allowed adequate space for house- 

keqh@ focilitisr. Fincllly, the Stilrrulw to the sdcircular CQlWls, corfolls 

Occeldon, WlQI under abroluh 0On)tol insofar 0 s  it was generard only 

when he subject's hood ~ ~ M B C J  out of the plane of rotdon of tho room. 

Noor the centor d tho toom tcw ~ t t u d e  of the force stimulating the 

gtaVi-@ inelding he otolith apparatus, WQ) very omoll. 

Ih. so-called dial t& wo used to standardize &e stress a subjsct 

a c p r i u 1 4 .  lhe suubjed w ~ l l  quid to sot the d i e  011 the dial at a 

given A, on -1. lhe diols mn so placed in reldon to the subject 

WhrrwrAsd Who wmnqutrad to move the heod and trunk to five different 

wtr#ns podtl- whkh maxhnked the C d O I i S  s~I~uIUS b the C U W I S -  A 

mqumca eomisted in setting flve dials, one every six seconds, followed by 

a s f x d  rest period. In screening tests the subject yvcb requested to 

complet. t o u r s e q ~  but at Ohrtfmer 0 many as twenty. 

Experiments utilizing the Cowrtwrotutlng room WBCB d u c t e d  in the 

vsEtthrla facility at the Camdim Defence Research Medical laboratories 

in Torwrto, Canoda. This room d s t e d  emmtlally of o secondary turntable 

m0WI)cKI on 0 cmnttlfugoofshort m d l u s d  which, by meam of a direct 
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nwrchanlcal Iinkc4~0, always revolved at the some rate os tho main centrifuge 

hut in tho ocIpI#rte d i d o n .  The subiect, themfore, was not exposed to 

ar~prlar veldty except thot which might be gemmbd by his own moven#nh- 

lh& drvta had the double o d v m ~  of allowing tho u<pertmcrsrtcw to p v m t  

my stlmulcrtlon of the sedctrcula cmolr while at the same time h e  gravi- 

roceptm, including the otolith apparrhrr, were subjected to an unusual pattern 

of stimulation. Exposum 0nd.r these conditions might have relevancy to 

ac- )lo wsightlmmm in that the inputs from the rmfcirculas canals were 

r imilo md pmurr#bly norm01 and the inputs fiom tho gravirecsptors, including 

the otolith apparas~, w#b unusual. 

lhtrdoviceho p#Yofth.advan)qlesof the SRR, but with the we of 

a hwlo-foot dits ho m i t t d o  of ttm forces was not greut even at 30 RPM, 

and ~ Q I Y  subiects ware not stremod to the point where significant ~ymptom were 

puceived or displayed. In at effort to exaggemte the tymp)om(L)ology, the 

wbied, won reqtmstd to rokh he head In different directions in random 

fd im ond upon occmian they were r e q u d  to w80 glorrer containing Is0 

PCI-. 
Some use WOI also m d a  of tha brce environmsnts m r a t o d  by a C-131 

alrctaf) 6tim I C . ~ M ~  h ~ j 8 ~ t ~ f i w 8 ~  A-1 E  AD-^ aircraft which 
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onvirotmmt generated by ths small boat WQI impsiblo although m attempt 

of a iqeship  in o heavy ma md their effect on the virual a d  force 

o this has b.sn done elsowhem. Howewr, i t  i s  d w h i i e  to mention 

& ganaraI applicability. Those QO &going corrstant revision ond will 

be dimmed matnly in twmr of the purpasr they serve. 

which ho h a  boon pattvely sxposed to dlffbrent force md visual environments. 

A second ategory emphdzsr activlties in which he was an active as well as 
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a podve paticipmt. RovMon i s  made for expressing plsclwrobls as welt ~l 

unplsrrpumblo c6Qclfam ad euqrsriences. tie is f o r c e d  into rating himself, 

not only on QI & o h  h i s  but also w i h  demnce to o h .  The examiner 

is acpectd to rate tha sub/ect 01 to whether his experience hcrr been 

akquate or indicate that the rating is m& with a reservation &osed on the 

axtont of the subioct’s pat acpienco. 

Amt of f#mr ho been prepad, one or m e  of rvhich Is now used in 

0OM.ctjoll with every expdamt. The first f#m i s  terxned the “subisct’r 

p..axpwtrmn)lotton Intewiw,a with open-ended features for the purposs of 

dotarmining if the subiect is  et for pdcipt ion.  This COV(HI not oniy his 

d c d  stohm but his physical and psychologic01 fi tries o well . The 

0 c p . r t m  is k c o d  te rotu the rubiect QI I)  unfit to participate for metcpoo11s 

of health, 2) fit to pattctpate but tb results cannot be used in the desfgned 

Wpwrmcmt, ad 3) fit to patidpate and the twits wiii be used in the designed 

experiment. The subject is  required to indicate the degree of his concern over 

tho M c o r n i n g  e x p s r t ~ a n d  how I# oxpects toperform in CMnpaison with 

others, 

Tm, f#m have been pnpa#l forthe use of the experimenter alone, one 

cantering d the poriod he o&ewes the subject undergoing h e  stress, d 

the o k  cmtering around tfm nccwwy period followina dm test. Somewhat 
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But evm tho u of this dovice praents its own diff'icutties. for example, a 

but he may d l y  &t A hwiw "stomach awmmesspn o term which we have 

f#md vwy h.lpful. 
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The remaining experiments were d c c t a d  cis a single series of 

experiments using h e  rams subjects on w e  one occuss(on, 

At 1.7 RPM, hm d b a c h  less unceptible *boa she to motion 

sickness, on h a  h i s  of h i r  htrtory, experienced d&&t nOWeQ fof towfng 

the diol test on ?he fitst day but not ?hereafter, Except fw difficulty in 

walWng, the o h  rynptwns were negligible d ptobobty related in par) 

?o tkrr umfinerasnt, 

A) 2,2 RPM he subject, witb less than average sweepfibility ?o motion 

siGknsu hod dif fsnt  experierncer, Cna compIoined of slight dizziness and 

slight clpa))ry on the morning of the first day only and was otherwise 

oymp,)omcrtoc. The other rubjecttrxpertenced 11402~ throughout the rwr 

ard hod d t i r r g  eptrodes (the morning a d  afternoon of the first day.  He 

campldned ob other symptoms as well, d,, in generals odapted poorly to 

the slrsrr. 

At 3-8 RPM two insurceptible urbiectss, based on their motion sickness 

history, a b  hod different experiences. C R ~  subject had nf~US80 on he 

morning of the first day &ich did not rextppeor until after he had developed 

Q cold. The Corioils illusion, to which he M previously dopted, also 

reappeared foilowinl) the respiratory infection E The second subject was 

practically symptom free 
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